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(57) [Abstract] 

[Problems to be Solved by the Invention] 

With low cost, nonaqueous electrolyte battery of high 
capacity is offered. 

[Means to Solve the Problems] 

At least, with nonaqueous electrolyte secondary battery which 
was formed from negative electrode s separator * positive 
electrode* and electrolyte which designate substance or 
metallic lithium which intercalation-deintercalation doing 
lithium ion is possible as main negative electrode active 
material, with oxide to which active substance 
ofaforementioned positive electrode includes nickel and 
manganese element, nickel and manganese element almost 
same ratio are included substantial I y,densely it makes feature. 



[IMtSi] 



[Claim(s)] 
[Claim 1] 
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Substantially it consists of nickel element of same ratio and 
crystalline granule of oxide which includes manganese 
element, positive electrode active material 0 for nonaqueous 
electrolyte battery where crystal structure of aforementioned 
crystalline granule is rhombohedron structure 

[Claim 2] 

In crystal structure of aforementioned crystalline granule, as 
hexagonal system assignment the positive electrode active 
material for nonaqueous electrolyte battery which is stated 
in Claim 1 which length of c axis which is done is 14.25 
Angstroms or more 

[Claim 3] 

positive electrode active material 0 for nonaqueous 
electrolyte battery which is stated in Claim 1 or 2 where 
theaforementioned oxide contains lithium element 

[Claim 4] 

positive electrode active material 0 for nonaqueous 
electrolyte battery which is stated in any of Claim 1-3 where 
aforementioned crystalline granule is spherical shape 

[Claim 5] 

0. 

positive electrode active material 0 for nonaqueous 
electrolyte battery which is stated in any of Claim 1-3 which 
consists of mixture of crystalline granule of aforementioned 
oxide which possesses particle diameter of 1 - 2;mu m and 
secondary particle of theaforementioned crystalline granule 
which possesses particle diameter of 2 - 20;mu m 

[Claim 6] 

As for aforementioned crystalline granule, positive electrode 
active material 0 for nonaqueous electrolyte battery which 
isstated in any of Claim 1-5 which volume of unit cell 
decreases with oxidation 

[Claim 7] 

positive electrode active material 0 for nonaqueous 
electrolyte battery which is stated in any of Claim 1-6 where 
deviation of ratio of nickel element and manganese element is 
within 10 atom% 

[Claim 8] 

lithium element* nickel element and manganese element 
which are included in aforementioned oxide, 0.97 <= Li/ 
(Ni+Mn ) <= positive electrode active material 0 for 
nonaqueous electrolyte battery which is statedin any of Claim 
3-7 which fills up 1.03 

[Claim 9] 
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While throwing aqueous solution and alkali solution which 
include nickel salt and the manganese salt to reactor 
simultaneously, gas permeation doing inert gas step© which 
obtains nickel manganese hydroxide and/or nickel manganese 
oxide by coprecipitation doing aforementioned nickel and 
manganese 

Mixing aforementioned nickel manganese hydroxide and/or 
nickel manganese oxide and lithium compound , 
manufacturing methodo of positive electrode active material 
for nonaqueous electrolyte battery which possesses step 
which calcines step 0 andaforementioned mixture which 
obtain mixture 

[Claim 10] 

temperature of aforementioned reactor 30 - 50 * 
manufacturing methodo of positive electrode active material 
for nonaqueous electrolyte battery which is stated in Claim 9 
which is 

[Claim 11] 

manufacturing method 0 of positive electrode active material 
for nonaqueous electrolyte battery which is stated in Claim 9 
or 10 where aforementioned nickel salt and manganese salt 
are sulfate 

[Claim 12] 

Aforementioned alkali solution, manufacturing method 0 of 
positive electrode active material for nonaqueous electrolyte 
battery whichis stated in any of Claim 9-1 1 which is a * 
mixture of sodium hydroxide and ammonia water 

[Claim 13] 

Aforementioned lithium compound, manufacturing methodo 
of positive electrode active material for nonaqueous 
electrolyte battery whichis stated in any of Claim 9-12 which 
is a lithium carbonate and/or lithium hydroxide 

[Claim 14] 

manufacturing methodo of positive electrode active material 
for nonaqueous electrolyte battery which is stated in any of 
Claim 9-13 where temperature of aforementioned calcining is 
550 *or higher 

[Claim 15] 

temperature of aforementioned calcining being 950 *or 
higher , continuing the mixture after calcining, 700 - 780 * 
with manufacturing methodo of positive electrode active 
material for the nonaqueous electrolyte battery which is stated 
in any of Claim 9-13 which is calcined 

[Claim 16] 

0. 
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LiOH * H 2 CK Ni which possesses particle diameter of 3;mu 
m or less (OH ) dry mixing doing<sub>2 and Mn OOH, 
manufacturing methodo of positive electrode active material 
for nonaqueous electrolyte battery whichpossesses step which 
calcines step c and aforementioned mixture which obtain 
mixture 

[Claim 17] 

manufacturing methodo of positive electrode active material 
for nonaqueous electrolyte battery which is stated in Claim 16 
where aforementioned sintering temperature is 550 *or higher 

[Claim 18] 

At least, nonaqueous electrolyte secondary battery c which 
consists of positive electrode * and electrolyte whichinclude 
positive electrode active material which is stated in any of 
negative electrode, separator, Claim 1-8 which the 
intercalation-deintercalation does lithium ion and densely 
includes possible substance and/or metallic lithium as the 
negative electrode active material 

[Description of the Invention] 

[0001] 

[Technological Field of Invention] 

this invention regards positive electrode active material for 
nonaqueous electrolyte battery. 

Furthermore this invention regards inexpensive nonaqueous 
electrolyte secondary battery with high capacity which 
possesses positive electrode which includes specific positive 
electrode active material. 

[0002] 

[Prior Art] 

Recently, cordless and portable attendant upon AVequipment 
and personal computer or other spread, concerning battery 
which is those driving power supply, demand to battery of 
miniature s light weight and high energy density has 
strengthened. 

Especially, lithium secondary battery is expected, from fact 
that it is a battery which possesses high energy density, as 
leading battery of next generation also the latent market scale 
is large. 

Regarding majority of lithium secondary battery which 
presently is marketed, the Li Co0 2 which possesses high 
voltage of 4 V as positive electrode active material is used, 
but price of Li Co0 2 is high from fact that Co is the 
expensive. 

From now on, various positive electrode active material 
which are substituted to Li Co0 2 areresearched. 
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Even among them, lithium containing transition metal oxide 
is researched in strenuous, Li Ni a COb0 2 (a+bDl ) ispromising, 
in addition, Li Mn 2 0 4 which possesses spinel structure seems 
that product conversion is done. 

[0003] 

In addition, research as substitute material of expensive 
cobalt, concerning nickel and manganese is done actively. 

As for Li Ni0 2 which possesses for example layered structure 
large discharge capacity isexpected, but extent of 
deterioration is large from fact that crystal structure changes 
attendant upon charge-discharge. 

Then, crystal structure at time of charge-discharge it is 
stabilized, element which can control deterioration it is added 
to Li Ni0 2 it isproposed densely. 

As this kind of added element, concretely, cobalt, 
manganese, titanium and aluminum or other element are 
lifted. 

Furthermore, you explain composite oxide of Ni and Mn as 
positive electrode active material for the lithium secondary 
battery concerning Prior Art which you use. 

Regarding for example U.S. Patent 5393622 number, dry 
mixing doing hydroxide of hydroxide, Mn of Ni and 
hydroxide of Li at one time, again it calcines,furthermore 
after cooling, hot firing it does to room temperature and the 
method which produces active substance which possesses 
composition which isshown with type:LiyNi]. x Mn x 0 2 (In 
Formula, 0 <= xD0.3, OOyDl.3 ) is proposed. 

[0004] 

In addition, Li salt, Ni salt and Mn salt are mixed at one 
time in the aqueous solution regarding U.S. Patent 5370948 
number, by drying and calcining pass and the method which 
obtains active substance which is shown with type: Li Nii_ 
x Mn x 0 2 (In Formula, 0.005 <= xD0.45 ) isproposed. 

In addition, mixing hydroxide or oxide of nickel and 
manganese and lithium hydroxide of excess regarding U.S. 
Patent 5264201 number, after in saturated aqueous solution of 
the dry type synthetic method and lithium hydroxide which it 
calcines designating nickel and the oxide etc of manganese as 
slurry , reduced pressure drying and calcining, the synthetic 
method which obtains active substance which is shown with 
type:Li x Ni 2 . x . y Mn y 0 2 (In Formula, 0.8 <= xD 1 .0, y D0.2 ) 
isproposed. 

Furthermore active substance which is shown with type:Li 
Ni,. x Mn x 0 2 (In Formula, 0 <xO0.2, yD0.2 ) the;be-Ni (OH ) 
by dry mixing synthetic method which <sub>2 is used and, 
regarding U.S. Patent 5629 1 10 number, is obtained, it is 
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proposed densely. In addition, regarding Japan Unexamined 
Patent Publication Hei 8-171910 disclosure, coprecipitation 
doing manganese and the nickel in mixed aqueous solution of 
manganese and nickel including alkali solution, the method 
which obtains active substance which by fact that it calcines 
nextincluding lithium hydroxide, is shown with type:Li 
Ni x Mni. x 0 2 (In Formula, 0.7 <= x(D0.95 ) is proposed. >) 

[0005] 

In addition, desirable particle active substance where it 
possesses composition which isshown with type:Li Ni x Mj. x 0 2 
(In Formula, as for M above any one kind of Co. Mn. Cr. 
Fe. V and AI, 1 >xD0.5 ) regarding Japan Unexamined Patent 
Publication Hei 9-129230 disclosure, is disclosed, thoseof 
x=0. 1 5 are shown as active substance which includes Ni and 
Mn. 

In addition, active substance which is shown with 
type:Li y . xl Ni|. x2M x 0 2 (In Formula, as for M Co. Al. Mg. 
Fe. Mg or Mn. 0<x 2 D0. 5,0Dx M +x 2 . 0.9DyD1.3 ) which 
issynthesized with coprecipitation synthetic method regarding 
Japan Unexamined Patent Publication Hei 1 0-699 1 0 
disclosure, is proposed. 

When when M is Mn, originally discharge capacity is small to 
theaforementioned disclosure , X 2 exceeds 0.5, when original 
function as positive electrode active material of lithium 
secondary battery which designates high capacity as objective 
is lostit is stated. 

Li Nio.6Mno 4 0 2 is illustrated as when Mn ratio is largest. 

Furthermore, manufacturing method of Li Mn 0 2 which 
possesses layered structure regarding U.S. Patent 5985237 
number, is shown, but this 3 -volt class is active substance 
substantially. 

») 
[0006] 

U.S. Patent communique an above-mentioned way and prior 
art which isstated in Japan patent application Unexamined 
Patent Publication while in order to improve cycle property or 
other electrochemical characteristic of all Li Ni0 2 ,leaving 
feature of Li Ni0 2 , are something which adds element of trace 
amount to Li Ni0 2 . 

Therefore, quantity of Ni which is included in active 
substance which is acquired after adding has always exceeded 
quantity of the Mn, ratio of Ni: Mn=0.8:0.2 is mainly 
proposed. 

In addition, Ni: Mn=0.55:0.45 is disclosed as ratio where 
amount of manganese ismost. 
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But, because Li Ni0 2 separates with Li Mn 0 2 regarding these 
Prior Art,it is difficult to obtain composite oxide which 
possesses crystal structure of the single phase. 



This, Mn oxidation being done case of coprecipitation, to be 
easyto become Mn 3+ , because Mn 3+ is difficult to form Ni 2+ 
and uniform composite oxide. 



[0007] 

[Problems to be Solved by the Invention] 

Above-mentioned way, while possessing similar layered 
structure, as the substitute material of Li Co0 2 which 
possesses high voltage of 4 V whichpresently are marketed, 
research and development of Li Ni0 2 and Li Mn 0 2 which 
area positive electrode active material of low cost with high 
capacity has done. 

But, Li Ni0 2 discharge shape not to be a flat, at same time 
cycle lifetime is short. 

Furthermore, there is a large problem where also heat 
resistance is low, usesas substitute material of Li Co0 2 . 

Because of this, adding various element to Li Ni0 2 , it 
improves itis tried densely, but it is a unsatisfactory still. 



LiMn0 2 -CI4 3V (DUELfrUfctlfcl^ 
mfeZt-O LiMn 2 0 4 ftHPrft&tlttCATliS. 

•So 

*8Hf&. LiCo0 2 t^\m<D 4V (DMKt: 
*TU ^atfSfB*— ?£*U $bl3LiCo0 2 «fc 

[0008] 



In addition, with Li Mn 0 2 only voltage of 3 V from factthat it 
cannot acquire, it does not possess layered structure, Li 
Mn 2 04 whichhas spinel structure where capacity is low has 
started to be researched. 

Therefore, this invention offers positive electrode active 
material which can solve problem anabove-mentioned way 
densely makes objective. 

In addition, this invention has voltage of 4 V which are equal 
to the Li Co0 2 , shows planar discharge curve, furthermore 
from Li C0O2 are times when the positive electrode active 
material of low cost is obtained with high capacity. 

Furthermore, this invention offers nonaqueous electrolyte 
secondary battery where charge-discharge efficiency is 
superior in high capacity which uses this positive electrode 
active material even densely makes objective. 

[0008] 

[Means to Solve the Problems] 

this invention substantially consists of nickel element of same 
ratio, and crystalline granule of oxide which includes 
manganese element regards positive electrode active material 
for(It belongs to thombohedral crystal system. ) nonaqueous 
electrolyte battery where crystal structure of aforementioned 
crystalline granule is rhombohedron structure. 

If you rephrase, nickel atom and manganese atom, are 
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[0009] 

•y^7>#>7KIHb1&fcefctf/£fdi-y<7-;u 

**is. &&tfcfrE&ftiii$ftjft-*'ftxa 

A< 30~50°CT*fe^fl)A<^S!)T*fc-5o 

*fc. «IE=-'y^JHfifiJ:i;-7^tf >**<ss» 
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dispersed to uniform mutually regarding aforementioned 
crystalline granule. 

crystal structure of aforementioned crystalline granule being 
hexagonal system , it is efFectivefor length of c axis to be 
14.25 Angstroms or more. 

As for aforementioned positive electrode active material, 
furthermore it is effective for theaforementioned oxide to 
contain lithium element. 

It is effective for aforementioned crystalline granule to be 
spherical shape. 

In addition, as for aforementioned positive electrode active 
material, it is effective toconsist of mixture of crystalline 
granule of aforementioned oxide whichpossesses particle 
diameter of 0. 1 - 2;mu m and secondary particle of 
theaforementioned crystalline granule which possesses 
particle diameter of 2 - 20;mu m. 

In addition, crystal structure of aforementioned crystalline 
granule being rhombohedron structure, it is effective to be 
something which volume of the unit cell decreases with 
oxidation . 

In addition, it is effective for deviation of ratio of nickel 
element and manganese element to be within 1 0 atom%. 

In addition, lithium element* nickel element and manganese 
element which are included in theaforementioned oxide, 1 .03 
<= Li/ (Ni+Mn ) <= filling up 1 .03 areeffective. 

[0009] 

Furthermore, while this invention, throwing aqueous solution 
and alkali solution whichinclude nickel salt and manganese 
salt to reactor simultaneously, gas permeation doing inert gas 
step 0 aforementioned nickel manganese hydroxide and/or 
nickel manganese oxide which obtains nickel manganese 
hydroxide and/or nickel manganese oxide by coprecipitation 
doing aforementioned nickel and manganese and, Mixing 
lithium compound , it regards also manufacturing method of 
positive electrode active material for nonaqueous electrolyte 
battery which possesses step which calcines step 0 and 
theaforementioned mixture which obtain mixture. 

Regarding this manufacturing method, temperature of 
aforementioned reactor 30 - 50 *being is effective. 

In addition, it is effective for aforementioned nickel salt and 
the manganese salt to be sulfate. 

In addition, aforementioned alkali solution, being a mixture of 
sodium hydroxide and ammonia water is effective. 

In addition, aforementioned lithium compound, being a 
lithium carbonate and/or lithium hydroxide is effective. 
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[0011] 

[*«©£«&©»»] 

**w#6i*. ±a©*5fttt*a«icjsit* 

HlffljSr=*#,LiNi0 2 A<ftOl$tt^ LiMn0 2 

T*<©5E*#s***tTi**A<* -i-©ft*vi? 



In addition, it is effective for temperature of aforementioned 
calciningto be 550 *or higher. 

In addition, temperature of aforementioned calcining being 
950 * or higher continuing aforementioned mixture after 
calcining, 700 - 780 * withit is effective to calcine. 

[0010] 

Furthermore and, this invention LiOH * H 2 0* Ni which 
possesses particle diameter of0.3;mu m or less (OH ) dry 
mixing doing <sub>2 and Mn OOH, regards also the 
manufacturing method of positive electrode active material 
for nonaqueous electrolyte battery which possesses step 
whichcalcines step c and aforementioned mixture which 
obtain the mixture. 

In this case, it is effective for aforementioned sintering 
temperature to be 550*or higher. 

In addition, it regards nonaqueous electrolyte secondary 
battery which consists of positive electrode* and the 
electrolyte which include negative electrode* separator* 
above-mentioned positive electrode active material which 
lithium ion intercalation-deintercalation does this invention, at 
least and densely includes possible substance and/or metallic 
lithium as negative electrode active material. 

Be able to utilize effectively according to this invention, with 
inexpensive nickel manganese composite oxide as positive 
electrode active material, nonaqueous electrolyte secondary 
battery where charge-discharge efficiency is good with high 
capacity can beoffered. 

[0011] 

[Embodiment of the Invention] 

these inventors, you considered to problem in Prior Art an 
above-mentionedway characteristic which Li Ni0 2 has and 
characteristic which Li Mn 0 2 has itwas not a technology 
which is improved by fact that new added element isinserted, 
nickel compound and manganese compound you dispersed to 
uniform with the atomic level and you discovered positive 
electrode active material which consists of nickel manganese 
composite oxide whichreveals new function by fact that solid 
solution is formed. 

Regarding namely, Prior Art, many element are proposed as 
added element, butwhether among those which element being 
desirable concretely, in the technically it was not done to 
clearness. 

Vis-a-vis this, as for these inventors, as for result of repeating 
the diligent research concerning combination and addition 
proportion of various element,it combines nickel and 
manganese it can reveal new function withal most same ratio 
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and due to especially, you discovered densely,this invention 
reached to completion. 

[0012] 

nickel and manganese with atomic level coprecipitation 
method is desirable in order solid solution to do. 

When solid solution doing with coprecipitation method, 
nickel and manganese in the aqueous solution are ion of 
divalent. 

This way existing with same valence number, alkali which is 
drippedsimultaneously coprecipitation it is desirable by fact 
that itneutralizes to do. 

But, in case of manganese very oxidation it is easy to be done, 
in the aqueous solution trace amount even with dissolved 
oxygen which exists oxidation being donein satisfactory, Mn 
becomes trivalent ion. 

This way, by ion of divalent and fact that ion of the trivalent 
exists together, solid solution of atomic level becomes 
unsatisfactory. 

Regarding to this invention, in order this kind of to control 
densely, the bubbling doing nitrogen or argon etc which is a 
inert gas in aqueous solution, it removes dissolved oxygen, or 
it takes or other method which beforehand adds reductant in 
aqueous solution, it is desirable densely. 

Therefore, difference with Prior Art of coprecipitation method 
is coprecipitation todo with inert atmosphere. 

[0013] 

positive electrode active material which relates to this 
invention substantially consists of the nickel element of same 
ratio and crystalline granule of oxide which includes the 
manganese element, it is desirable for aforementioned oxide 
to contain the lithium element. 

Aforementioned oxide has layered structure in crystal 
structural , belongs to thombohedral crystal system, at same 
time nickel atom and manganese atom being atomic level, itis 
a single phase which is been dispersed to uniform. 

Densely desirable reason where it uses combining nickel and 
the manganese is as follows. 

When applying namely, aforementioned oxide to positive 
electrode active material for the lithium secondary battery, Li 
exiting and entering does inside crystal with 
charge-discharge . 

With conventional active substance, degree of electronic 
conduction of active substance decreases with the discharge 
end stage, discharge curve becomes gentle. 

This is thought that it is a polarization which is caused by fact 
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[0015] 
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thatdegree of electronic conduction decreases. 

But, when nickel and manganese are combined, in order 
electronic state ofeach peculiar interaction to do, degree of 
electronic conduction decreases holds downdensely 
considerably in discharge end stage, it is possible densely. 

As result, it becomes planar shape where charge-discharge 
curve is desirable. 

[0014] 

On one hand, device is necessary even in manufacturing 
method in order todraw up above-mentioned oxide. 

Usually when it tries to synthesize composite oxide, mixing 
hydroxide, oxy hydroxide or oxide etcwhich includes 
respective element, it calcines. 

When Li Nio.5Mno.5O2 which is a representative composition 
of this invention is drawn up, LiOH * H 2 0. Ni (OH )<sub>2 
and Mn OOH 2: 1 : after mixing to satisfactory with 1 (mole 
ratio ), iscalcined with suitable temperature which reaction 
advances. 

This kind of dry mixing synthetic method, is stated in U.S. 
Patent 5393622 number, 5 th 370948 numbers and5 th 264201 
numbers, but content of Mn is low in which,explanation has 
done that it is a satisfactory with dry type synthetic method. 



However, when dry mixing synthetic method where these 
inventors relates to above-mentioned U.S. Patent is used, 
nickel and manganese being atomic level, solid solution 
itdoes, it is difficult densely, single phase quite is difficult to 
beacquired, understood densely. 

But, if as for these inventors, when it is a particle where 
mixed powder of theabove-mentioned 3 kinds is very small, 
by fact that particle of for example 0.3 ;mu m or less is used 
you see with just X-ray diffraction pattern , with those of 
single phase are acquired discovered densely. 

[0015] 

Furthermore, like below according to coprecipitation method 
from this kind of dry mixing sintering method, from ideal 
oxide it is acquired you understood densely. 

In order to draw up composite oxide of nickel, when wet type 
coprecipitation method is used,good result is acquired densely 
in recent research became clear. 

for example nickel and manganese coprecipitation method are 
disclosed in Japan Unexamined Patent Publication Hei 
8-171910 disclosure. 

coprecipitation method, precipitating binary element 
simultaneously in aqueous solution making use of 
neutralization reaction, is technique which obtains compound 
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[0017] 

(1) 

'So 



fcttJBLfc. 
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hydroxide. 

Because to presently, portion of nickel just is replaced with 
the other element of trace, it was a satisfactory with 
conventional coprecipitation method. 

But, like this invention in order substantial solid solution to 
do nickel element and manganese element of same quantity 
with atomic level, high-level technology was required, with 
conventional method it was unreasonable. 

Difference which is large to electrochemical characteristic 
when reacting, when youobtain lithium containing composite 
oxide of objective, particle form depending, you use 
hydroxide and lithium which are acquired with 
coprecipitation method for battery occurs, with conventional 
method control of that difference is difficult. 

In addition, from fact that influence where also sintering 
temperature islarge to electrochemistry quality is exerted, it is 
good to choose suitable sintering temperature. 

In regard to condition in regard to this kind of synthesis, 
youdescribe in detail with Working Example. 

[00 16] 

Regarding to this invention, there is large meaning in 
choosing thecombination of nickel and manganese, 
conventional way it differs fromfact that trace amount it adds 
various element in order to improve Li Ni0 2 . 

ratio of nickel and manganese 1 : 1 is ideal. 

compound of this kind of ratio it is not utilized until recently. 

Furthermore, synthetic method in this invention is something 
which improves the coprecipitation method. 

condition of coprecipitation method and after that by 
condition of calcining, as particle form of active substance 
which is acquired differs in order to change to 
electrochemistry quality, if condition which responds to 
objective should havebeen selected. 

[0017] 
(1) 

positive electrode active material 

Case where positive electrode active material is produced 
with coprecipitation method is explained. 

conceptual diagram of experimental facility which is used 
here is shown in the Figure 1 . 

As starting material, nickel sulfate and manganese sulfate 
were used. 
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Ni S0 4 aqueous solution of each 1 .2 mole/liter and mixed 
solution of MnS 0 4 aqueous solution and NaOHaqueous 
solution of 4.8 mole/liter and NH 3 solution of 4.8 mole/liter, 
are thrown simultaneously to reactor 1 with velocity of 0.5 
ml/min. 

tube 2 of cylinder is installed in reactor 1 , stirring rod 3 has in 
the tube. 

hydroxide of coprecipitation is acquired in this tube, but it can 
add to downward power of (bottom direction of reactor ) with 
stirring bar which is installedsimultaneously in tube. 

crystallite of hydroxide which is acquired by this power 
collidingmutually, crystal growth it does, forms crystalline 
granule. 

As for these particle, as shown with arrow in Figure 1 , it 
passes outside of tube, with overflow is removed to outside 
the system. 

particle which this time is acquired is spherical shape 
substantially bypower etc of collision. 

[0018] 

This time, temperature of reactor maintains 30 - 50 *. 

In addition, when oxygen dissolves in aqueous solution, 
manganese the oxidation to be easy to do from divalent 
becomes very trivalent. 

Therefore, when the;be -type Nij. x Mn x (OH ) it tries to obtain 
<sub>2,it is necessary bubbling to do nitrogen or argon or 
other inert gas in order to expel dissolved oxygen from this 
reactor, to add a some reductant and such as doing to control 
the oxidation of manganese. 

On one hand, the;al -type Nii. x Mn x (OH ) <sub>2* xS0 4 2 '* 
yH 2 0 being acquired, thereis not a problem when and, when 
you want to produce this conversely, if dissolved oxygen in 
liquid well should have been utilized. 

[0019] 

According to experiment of these inventors, from result of 
x-ray diffraction image,approximately 30 * hydroxide where 
low temperature domain is higher than crystalline it is 
acquired you understood densely. 

This kind of reactor because in continuous furthermore 
compound hydroxide can be produced with high speed, is 
very useful in industrially . 

But, particle size distribution of particle which is acquired 
becomes wide, means that particle of large and small various 
particle diameter is mixed. 
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In addition, it accumulates in bottom of reactor, 
becomesdifficult, to remove particle of large kind of spherical 
shape whichexceeds 10;mu m particle diameter there is also a 
deficiency that cannot bemade excessively large. 

Here, in Figure 2, SEM (scan type electron microscope ) 
photograph of surface of representative particle whichis 
acquired with this kind of reactor was shown. 

In addition, in Figure 3, SEM (scan type electron 
microscope ) photograph of cross section of the representative 
particle which is acquired with this kind of reactor was 
shown. 

draw ratio of these photograph, 100 0, 3 00 0 and 1 0000 and 
is 30000 times. 

(a ) and of Figure 2 (b ) and from (a ) and (b ) of Figure 
3,particle is spherical shape substantially, understands 
densely. 

In addition, from (c ) and (d ) of Figure 2, there is a 
unevenness of shape like pleat in uniform in surface , 
furthermore the particle is porous article, understands densely. 

In addition, from SEM photograph of cross section of particle 
which is shownin Figure 3, until internal uniform pleat is 
observed in same way as surface, it is a porous article where 
particle almost has hole of the uniform size, understands 
densely. 

For referring, one example of chemical analysis (elemental 
analysis ) result of composite oxide which isacquired is 
shown in Table 1 . 

[0020] 

[Table 1] 
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[0021] 

In order to obtain compound hydroxide of spherical shape 
which with the high density, has larger particle diameter, like 
below if manufacturing method should have beenmodified. 

conceptual diagram which shows constitution of experimental 
facility whichit modifies is shown in Figure 4. 

With facility which is shown in Figure 4, introducing mixed 
solution into reactor 6 from supply port 5 making use of pump 
4, from under reaction layer 6 flow doing on, coprecipitation 
doing it collides to crystallite which the settling is done. 

collecting part 7 of material is provided in bottom of facility. 

Therefore, crystal advancing, certain extent crystalline 
granule where density increases, settling doing, arrives in 
collecting part 7 of bottom, but the crystalline granule of 
undeveloped is pushed back by power of solution which the 
flow is done from bottom, has become system which does not 
fallto bottom. 

[0022] 

With this kind of method , furthermore tap density can 
acquire thecompound hydroxide of high density of 2.2 g/cm 3 
with particle diameter whose 10 -20;mu m are large. 

Here, representative SEM photograph of particle which is 
acquired with this method isshown in Figure 5. 

(a ) In (b ) and (c ), respectively SEM photograph of 1000, 
2000 and 20000times was shown in Figure 5 . 

It differs from those of porous which is mentioned earlier a 
littlein particle, crystallite is filled in high density, particle of 
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large spherical shape is formed. 

Furthermore, crystalline granule is good even with while it is 
a hydroxide, but when change over time which is in midst of 
retaining becomes problem, it ispossible also by fact that with 
low temperature it dries & calcines tomake oxide. 

Like above, according to this invention, in combination with 
condition of coprecipitation method to objective, by fact that 
it modifies, it can produce porous spherical particle and 
spherical particle of high density. 

Furthermore, also particle diameter, is controllable 
unrestrictedly from thesmall particle diameter to 20;mu m 
vicinity. 

Also crystalline which can observe with X-ray, by fact that 
the temperature of reactor is modified appropriately, is 
controllable. 

[0023] 

Next, hydroxide or oxide which is acquired is mixed with 
lithium hydroxide or other lithium source, by factthat it 
calcines, LiyNi^Mn^ which is a positive electrode active 
material for lithium secondary battery which ismade objective 
is obtained. 

lithium hydroxide should have been used this time, as lithium 
source. 

When lithium carbonate was examined, it is possible to obtain 
single phase of the objective, but lithium hydroxide was more 
profitable in control and crystalline or other aspect of particle 
form. 

lithium is supplied to uniform to internal of nickel manganese 
hydroxide of the spherical shape densely is desirable. 

When lithium hydroxide is used, as lithium hydroxide melts 
first with relatively low temperature, the lithium is supplied to 
internal of nickel manganese hydroxide particle, next, 
temperature rises,because oxidation reaction happens 
gradually from outside of particle, it isa ideal. 

On one hand, when lithium carbonate is used, one time 
decarboxylation reaction must happen, asfor this reaction it 
happens with high temperature by comparison with thecase 
where it is a lithium hydroxide. 

Therefore, decarboxylation reaction and oxidation reaction 
happen almost simultaneously. 

In control and crystalline or other aspect of particle form, you 
can think this, thereason where lithium hydroxide is more 
profitable. 

[0024] 
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Next, you explain in regard to desirable sintering condition. 

nickel manganese compound hydroxide and lithium 
hydroxide are mixed to satisfactory with the dry type. 

This time, as for lithium hydroxide and nickel manganese 
hydroxide, in order atomic ratio of the Lk Ni and Mn Li/ 
(Ni+Mn ) to fill up = 1, fact that it mixes is the ideal. 

But, it is possible also to increase temperature of calcining 
and forcontrolling particle form, somewhat and/or to 
decrease. 

for example sintering temperature is high temperature when 
and, when wanting to enlarge primary particle after calcining, 
lithium it mixes more or less more than usual. 

In this case, increase and decrease of approximately 3% 
extent isdesirable. 

If atmosphere of calcining a oxidative atmosphere it should 
have been. 

Here, it examined with conventional air atmosphere. 
[0025] 

temperature of calcining is important. 

When in Figure 6, calcining with each temperature, x-ray 
diffraction image of lithium containing nickel manganese 
oxide which is acquired is shown. 

sintering time 1 5 hours and made fixed. 

Figure 6 (a ), (b ), (c ), (d ), (e ) and as for (f ), tl tl 550, 
650, 750and 85 0, 1 000 and 1050 * it examined with 
sintering temperature which itexceeds. 

Can produce material which almost had similar structure in 
this rangeunderstands densely. 

Concerning crystalline, peak of X-ray diffraction of those 
which arecalcined at a higher temperature has become sharp, 
crystalline ishigh, understands densely. 

1000 *, thermal decomposition etc of material does not occur 
even with high temperature which it exceeds. 

In addition, when crystal structure is analyzed from this X-ray 
diffraction pattern, it belongs to thombohedral crystal system, 
understands densely. 

[0026] 

In addition, this was converted to hexagonal system, mirror 
indexing wasdone. 

As for all peak mirror exponent assignment it is possible, 
single phase isformed, understands densely. 
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However, when 1000 * it calcines with temperature which it 
exceeds,because also what oxygen of material surface has 
done defect somewhatis thought, in order to reset this oxygen 
element to material, 1000 * withafter calcining, for second 
time 750 * about temperature is dropped,person who applies 
rebaking is desirable. 

Therefore, if sintering temperature should have been 550 *or 
higher, preferably 850 □ or higher* furthermore with 
preferably 950 □ or higher , furthermore it is a preferably 
1000 □ or higher. 

Furthermore, in case of 950 *or higher, dropping temperature 
into 750 *vicinity once, it is desirable to calcine second. 

[0027] 

Calcining, you observed particle form of lithium containing 
nickel manganese oxide which it acquires with SEM . 

SEM photograph of representative particle is shown in (a ) of 
Figure 7. 

From figure, particle has left spherical shape. 

This particle, primary particle of 1 ;mu m or less getting 
together, is somethingwhich forms secondary particle of 
spherical shape of 10;mu m extent, understandsdensely. 

In addition, surface of primary particle has been filled, as 
shown in the(b ) of Figure 7, slippery densely, understands 
densely. 

In addition,.as Figure 7 (c ) and shown in (d ) and (e ) of 
Figure 8 by controlling sintering temperature and other 
condition, partial collapse of the secondary particle and 
increase and decrease and shape change of particle diameter 
of the primary particle can be made possible. 

Furthermore like (e ) of Figure 8, almost it can acquire also 
the material which consists of only primary particle. 

Here, for comparing, is not coprecipitation and data of 
material whichis produced with conventional dry mixing 
sintering method is shown. 

Here, Ni which possesses particle diameter of several ;mu m 
(OH ) inorder to become predetermined composition, it mixed 
<sub>2. Mn OOH. LiOH * H 2 Oparticle, 15 hours calcined 
in thesame way in air atmosphere. 

sintering temperature made 850 or 1 000 □. 

X-ray diffraction peak of material which it acquires Figure 9 
(a ) and is shown in Figure 1 0 (a ). 

Figure 9 (b ) and in (b ) of Figure 10, peak of material whichis 
acquired with coprecipitation method of 850 or 1 000 □ has 
been shown in underside. 
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peak split having done from these figures, concerning 
thosewhich are acquired with dry mixing method, single 
phase is not formed,understands densely. 

And, decrease of charge-discharge capacity and cycle lifetime 
or other electrochemistry quality is expected by factthat it is 
not a single phase. 

This originates in nickel and manganese not being mixed to 
the satisfactory with atomic level, but because it is thought, 
examination was added Ni which is used (OH ) <sub>2* Mn 
OOH v LiOH * H 2 0 with particle diameter this way of detail. 

As a result, when particle of approximately 0.3;mu m or less 
is used, the single phase is almost formed densely verifies was 
possible densely with the X-ray . 

[0028] 

Next, you explain concerning electrochemistry quality of 
material which isacquired. 

As shown in Figure 6, you appraised 550 - 1050 * 
electrochemistry quality of the material which is acquired 
with sintering temperature, by producing coin type battery. 

It produced coin type battery with protocol below. 

polyvinylidene fluoride resin (Below, "PVDF " with you 
say. ) which is a acetylene black* binder which is a positive 
electrode active material* conductor which is acquired 
witheach sintering temperature 80: 10: is mixed with weight 
ratio of 10, sheet molded article isobtained. 

And in disk shape in notch* vacuum 80 * approximately 15 
hours drying this molded article with temperature, it acquired 
positive electrode. 

In addition, driving out lithium metal which formed in sheet 
in the disk shape, it made negative electrode. 

EC (ethylene carbonate ) with melting Li PF 6 of 1 mole 1 : in 
mixed solvent of 3 (volume ratio )of EMC (ethyl methyl 
carbonate ), it manufactured electrolyte solution, making use 
of microporous membrane of polyethylene as separator. 

coin type battery of 20 1 6 size (Diameter 20 milli * thickness 
1 .6 milli ) was produced with conventional method and, 
making useof these. 

[0029] 

With 10 hours ratio suitable constant current value 
charge-discharge was repeated between 3.0- 4.5 V making use 
of coin type battery which it produces. 

In each case, be able to acquire charge-discharge capacity of 
initial stage 1 50 mAh/g or more, at sametime, discharge 
voltage 4 -V class are, understood densely. 
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But, there is a difference with sintering temperature in shape 
and cycle lifetime of some charge-discharge curve, densely it 
became clear. 

2 pattern of representative ones were shown in Figure 1 1 . 



As for (a ) of Figure 1 1 750 * with with when it calcines, as 
for(b ) 1000 * with charge-discharge quality when it calcines 
is shown. 

550 - 750 * as for coin type battery which uses material which 
is calcinedwith each temperature with almost (a ) with same 
behavior, as for coin type battery which uses material which 
is calcined on one hand with 850 *or higher thealmost (b ) 
with it was same behavior. 

In case of (a ), as shown in figure, charge-discharge capacity 
although it isacquired to satisfactory, shape of discharge curve 
being gentle, is lackingin planarity, capacity reduction which 
accompanies cycle is large. TRANSLATION STALLED 

In other words, cycle lifetime it decreases you understand 
densely. 

Vis-a-vis this, in case of (b ), satisfactory charge-discharge 
capacity is acquired, as for the shape of discharge curve with 
flat , furthermore deterioration whichaccompanies cycle is 
acquired little cycle lifetime which issatisfactory. 

This kind of difference, is thought that there is advancement 
and a intimate relation of crystallization. 

[0030] 

X-ray diffraction pattern which corresponds to each sintering 
temperature in Figure 6 was shown, butcalcining with 850 *or 
higher, those which it acquires show sharp peak, 
crystallization is advanced, understands densely. 

Therefore, it possesses shape of planar discharge curve, when 
battery where cycle lifetime is satisfactory is desired, it is 
good to designate the sintering temperature as 850 *or higher. 

As generally, to until recently shown in U.S. Patent 5370948 
and 5 th 629 1 10 numbers, sintering temperature is assumed 
that 600 - 900 * is desirable, but asshown in Figure 1 1, 1000 * 
there was not a what problem even with the sintering 
condition, it became result whose method of calcining with 
high temperature is desirable rather. 

However, way you mention earlier, when 1000 * it calcines 
with the temperature which it exceeds, because also what 
oxygen of material surface hasdone defect somewhat is 
thought, in order to reset this oxygen element to material, 
1000 * after calcining, for second time 750 * aboutdropping 
temperature, person who applies rebaking is desirable. 

[0031] 
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Next, crystal structure change was measured with analysis of 
reaction mechanism whichaccompanies charge-discharge 
reaction of this material as objective. 

Experiment did producing aforementioned coin type battery. 

As anode active material, it produced with coprecipitation 
method, 1 000 * with it used those which are calcined. 

charge-discharge was discontinued with each road midpoint 
of charge-discharge, the coin type battery was disassembled 
and crystal structure change of material was analyzed 
makinguse of X-ray diffractometer. 

Disassembling coin type battery, positive electrode which it 
removes includes PVDF which is a acetylene black and a 
binder which are a conductor. 

Furthermore, you analyzed, in order to designate influence 
ofdisassembly and moisture which are in midst of measuring 
as the minimum, inserting in sack of polyethylene. 

In Figure 12, result of X-ray diffraction is shown. 

Value of "mAh/g " which is shown in in the diagram has 
shown respective degree of oxidation being agreeable. 

Therefore, it goes to bottom (From (a ) (g )) of Figure 12 
following, electrochemical oxidation of material is advancing, 
it means densely. 

oxidation, Li ion comes out from material, when it shows 
densely, rep laces to battery charge is advancing, it means 
densely. 

In addition, crystal structure belongs to thombohedral crystal 
system. 

Converting this to hexagonal system, after doing mirror 
indexing, itsought lattice constant (a,c ) with hexagonal 
system. 

a and c are a axis length and c axis length of the unit cell. 



As been clear from Figure 1 2 , oxidation process is advancing 
while single phase of hexagonal system is maintained without 
crystal system changing largely,understands densely. 

[0032] 

a axis and c axis change with oxidation . 

Circumstances of this change are shown in Figure 13. 

As for 0 as for c axis. □ it is a a axis in Figure 13. 

In addition, volume change of unit cell which is calculated 
from a axis length and c axis length is shown in Figure 14. 

After increasing gradually attendant upon oxidation, passing 
by the maximum value , it decreases c axis (In Figure 13 0). 
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Also value of this c axis, by comparison with kind of value 
whichis shown in U.S. Patent 5393622 number, is large. 

This, nickel and manganese to blend almost 1 : with atomic 
ratio of l,it forms solid solution, it is thought thing which 
derives in revealing new function. 

a axis decreases gradually attendant upon oxidation and after 
thatchange stops with constant value, (In Figure 13 *). 

On one hand, it decreases lattice volume, to linear attendant 
upon the oxidation (Figure 14 ). 

As for this there is a large value. 

Presently, regarding battery system which makes lithium 
secondary battery main, graphite is used for negative 
electrode in positive electrode making use of Li Co0 2 . 

As for Li Co0 2 of positive electrode lattice volume increases 
attendant upon the oxidation. 

blistering it does by fact that also graphite Li ion isinserted in 
interlayer. 

Therefore, regarding this battery system, both positive 
electrode and negative electrode blistering it doesattendant 
upon charge. 

With undesirable , separator pushes this blistering concretely 
with blistering regarding battery and is crushed, when 
depending, becomes cause of internal short circuit. 

In addition, considering this kind of blistering, when or other 
countermeasure whichdecreases filled volume beforehand is 
necessary, it is. 

Furthermore, with when it applies to thin form battery, battery 
itself comes to thepoint of blistering doing, is not unable to 
turn off merit of the thin form. 

However, if active substance which lattice volume decreases 
with oxidation can beused, blistering of negative electrode 
certain extent is absorbed densely to becomepossible, it 
means with to be able to solve undesirable with blistering as 
battery entirety. 

Therefore, like Li Co0 2 material which blistering is done 
material of this invention which volume decreases to exact 
opposite,completely with charge it uses with graphite or other 
charge when material which blistering is done as negative 
electrode, is a especially value with charge. 

[0033] 

Next, you explain in regard to discharge voltage of this 
material or shape of discharge curve. 

Li Co0 2 (a ) and discharge curve of Li Ni0 2 (b ) is shown in 
Figure 15, the Li Nii /2 Mn, /2 0 2 (c ) and discharge curve of Li 
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Mn 0 2 (d ) is shown in Figure 1 6. 

discharge curve of Li Ni t . x Mn x 0 2 of this invention is flat in 
comparison with discharge curve of Li Ni0 2 . 

In addition, when it compares with Li Mn 0 2 , 
charge-discharge voltage differsclearly. 

As been clear even from now on, by fact that nickel and the 
manganese solid solution are done with almost equal ratio, 
new function which differs also both feature has revealed, 
understandsdensely. 

Therefore, conventional way utilizing feature of Li Ni0 2 , 
objective and result differ largely vis-a-vis research which 
searches the various added element in order to improve this. 



When here, Li Ni)/ 2 Mnj/ 2 0 2 is used for Figure 17, being 
attached, repeating discharge curve to 30 cycle, it shows 
figure which you draw. 

In this case, charge is designated as 4.3 V. 

As been clear from figure, without shape of discharge curve 
changingattendant upon cycle, in addition, for most part there 
is noteither deterioration of capacity, understands densely. 

When ratio of nickel and manganese 1 : slips from 1, feature 
of element of one where content is many being color densely, 
%> it becomes way, but if it is a gap of approximately 10% 
extent,new feature of this nickel manganese is maintained. 



Therefore, at time of production of material, it is good tobe 
synthesized inside this precision range. 

[0034] 

Furthermore, research regarding this invention advanced Li 
Nij. x Mn x 0 2 in center. 

And, substantially nickel and manganese with same ratio 
reveal new function densely became clear by fact that solid 
solution itdoes. 

It is estimate possible easily for added value to be acquired by 
thefact that furthermore new added element is added to these 
material. 

It can increase material which is displayed with for example 
Chemical Formula: Li Ni]. x Mn x A 2 0 2 . 

thermal stability of material which is acquired by fact that 
suitable amount itadds aluminum* magnesium x calcium or 
strontium etc, can be improved is expected denselyin for 
example A. 

In addition, improvement of cycle lifetime and polarization is 
assured by thefact that other transition metal is added to A it 
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is possibledensely, also it is expected. 

Furthermore, it is expected respective effect with thing 
combiningthese element that it is improved simultaneously. 

[0035] 

Below, when lithium secondary battery which uses positive 
electrode of this invention is produced,you express in regard 
to useable other constituent material. 

If conductor in positive electrode compound which is used in 
order to produce positive electrode in this invention is 
electronically conductive material which does not cause 
chemical conversion in battery which is formed, there is not 
especially restriction. 

for example natural graphite (flake graphite etc) and artificial 
graphite or other graphite, acetylene black. Ketjen Black, 
channel black, furnace black, lampblack, thermal black 
or other carbon black, carbon fiber and metal fiber or other 
electrically conductive fiber, the fluorocarbon, copper, 
nickel, aluminum and silver or other metal powders, it can 
list zinc oxide, potassium titanate or other electrically 
conductive whisker, titanium dioxide or other electrically 
conductive metal oxide, and the polypheny lene derivative or 
other organic electrically conductive material etc, with 
respective alone, or mixing to option in therange which does 
not impair effect of this invention, you can usethese. 



artificial graphite, acetylene black, nickel powder 
especially is desirable even among these. 

addition quantity of conductor is not limited especially. 1 - 50 
weight% are desirable, especially 1 - 30 weight% are 
desirable. 

With carbon and graphite, 2-15 weight% especially are 
desirable. 

[0036] 

As for binder where inside of positive electrode compound in 
this invention isdesirable, decomposition temperature is 
polymer of 300 *or higher. 

for example polyethylene, polypropylene, 
polytetrafluoroethylene (PTFE ), polyvinylidene fluoride 
(PVDF ), tetrafluoroethylene-hexafluoro ethylene 
copolymer, tetrafluoroethylene-hexafluoropropylene 
copolymer (FEP ), tetrafluoroethylene-perfluoroalkyl vinyl 
ether copolymer (PFA ), vinylidene 
fluoride-hexafluoropropylene copolymer, vinylidene 
fluoride-chlorotrifluoroethylene copolymer, 
ethylene-tetrafluoroethylene copolymer (ETFEresin ),poly 
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chlorotrifluoroethylene (PCTFE ), vinylidene 
fluoride-pentafluoropropylene copolymer* 
propylene-tetrafluoroethylene copolymer* 
ethylene-chlorotrifluoroethylene copolymer (ECTFE ), it can 
list vinylidene 

fluoride-hexafluoropropylene-tetrafluoroethylene copolymer 
and vinylidene fluoride-perfluoro methylvinyl ether — 
tetrafluoroethylene copolymer etc. 



With respective alone, or mixing to option in range whichdoes 
not impair effect of this invention, you can use these. 

Especially, fact that among these it is most desirable 
polyvinylidene fluoride (PVDF ) and is 
polytetrafluoroethylene (PTFE ). 

[0037] 

As current collector of positive electrode, if it is a electron 
conductor which does not cause the chemical conversion in 
battery which is formed, there is not especiallyrestriction. 

for example stainless steeU nickel* aluminum, titanium* 
various alloy and carbon or other other things, you can use 
also aluminum and the composite etc which treated carbon* 
nickel* titanium or silver in surface of the stainless steel as 
material which forms current collector. 

Especially, aluminum or aluminum alloy is desirable. 

oxidation also to do surface of these material it is possible. 

In addition, it is possible to attach unevenness to current 
collector surfacewith surface treatment . 

As shape, those which are possible to be something which 
isadopted in field of battery, for example foil* film* sheet* 
net* punch are done. You can list lath* porous article* 
foam* fiber group and non-woven fabrics etc. 

thickness is not limited especially. It can use those of 1 - 
500;mu m desirably. 

[0038] 

(2) 

negative electrode active material 

As negative electrode material which is used with this 
invention, such as lithium* lithium alloy* alloy* 
intermetallic compound* carbon* organic compound* 
inorganic compound* metal complex 
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intercalation-deintercalation itis possible lithium ion and 
organic polymer compound , if it should have been a 
compound which. 

With respective alone, or you can use these in range 
whichdoes not impair effect of this invention combining with 
option. 

As lithium alloy, Li-Al-based alloy (U.S. Patent 4,002,492 
number etc), Li-Al-Mn alloy* Li-Al-Mg type alloy* 
Li-Al-Sn alloy, Li-Al-In alloy, Li-Al-Cd alloy. Li-Al-Te 
alloy, Li-Ga alloy (Japan Unexamined Patent Publication 
Showa 60-257072 disclosure ), you can list Li-Cd alloy, 
Li-In alloy, Li-Pb alloy, Li-Bi alloy and Li-Mg type alloy 
etc. 

In this case, content of lithium is 10 weight % or more, it is 
desirabledensely. 

[0039] 

You can list compound and transition metal of transition 
metal and silicon and compound etc of tin as alloy, 
intermetallic compound, especially nickel and the compound 
of silicon are desirable. 

As carbonaceous material, coke, pyrolyzed carbon, natural 
graphite, artificial graphite, mesocarbon microbeads, 
graphitized mesophase small sphere, vapor phase-grown 
carbon, glassy carbon and carbon fiber (polyacrylonitrile 
type, pitch type, cellulose type, vapor phase-grown 
carbon system), you can list the amorphous carbon and carbon 
etc where organic substance is calcined. 

With respective alone, or it is possible to use these in 
rangewhich does not impair effect of this invention combining 
with the option. 

Even among them, those which mesophase small sphere 
graphitization are done, natural graphite and artificial graphite 
or other graphitic material are desirable. 

Furthermore, to carbonaceous material , it is possible to 
include O, B, P, N, S, SiC and the B 4 Cor other different 
compound carbon. 

0 - 10 weight% are desirable as content. 
[0040] 

As inorganic compound, you can list for example tin 
compound and silicon compound , etc for example titanate, 
tungstate, molybdenum oxide, niobic acid chemical 
material, you can list vanadium oxide and iron oxide etc as 
the inorganic oxide. 

In addition, you can list for example iron sulfide, 
molybdenum sulfide and titanium sulfide etc as inorganic 
chalcogenide. 
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* & m r* m i* t. ti -5 ft m « *4 a> ¥ $ « & i * 

0.1~60//mjWff*U\, 
<fcy»£L<li 0.5-30 jurats. 
ItSSfltli l~10m 2 / g r*fc-6(DA<Jf*LL^o 

(d002)# 3.35-3.40 A V c fft^lfiJOTiSSS^ro* 
#3?(LC)A< 100Al2Lt©«lfiJb<ff*U*. 

[0041] 

**WI=fel*Tia\ EaSfeJtK Li 
*VCl*4fc*!>. Li*£*L«Sl*Jia*m(«** 

ttzs *<D&0ti. y *#*Utl**attl=. '> 

mw&tm i oo ma i=*t l . o.o i - 1 o asas 

«Jtft£fcfi«LfcyLT*Stt*&oT*. ± 
±180*91=. *a*mi:: Li 

Li **»s*fcy,*4iM**a&ma»*i=E 
T?««ft*«i=jia*t»+i= u *k-^s* 

aasai+rosiwMi*. jEa^»j*<7)^msij 
*fc. aa*mic«*Jt*m£m**ii£i* 

WH*#*rLT*L*<Tt,J:l*. 
[0042] 

&a£S«4>a>eJMiii:L-ci*. »?jsttaiig. 



Art lit ni~ 



As organic polymer compound, it can increase for example 
polythiophene and polyacetylene or other polymeric 
compound, it can list the for example cobalt nitride* copper 
nitride* nickel nitride* iron nitride and manganese nitride 
etc as nitride. 

Combining, it is possible to use these negative electrode 
material, combination or the carbon of for example carbon 
and alloy and combination etc of inorganic compound can 
think. 

average particle diameter of carbon material which is used 
with this invention 0, 1 - 60;mu m is desirable. 

It is a more preferably 0.5-30 ;mu m. 

As for specific surface area it is desirable to be 1 - 10 m 2 /g. 

In addition, on crystal structure, spacing (d002 ) of carbon 
hexagonal plane size (LC ) of crystallite of c axis direction 
graphite of 100 $ or greater is desirablewith 3.35 - 3.40 $. 

[0041] 

Regarding to this invention, because Li is contained in 
positive electrode active material,you can use negative 
electrode material (carbon etc) which does not contain Li. 

In addition, when in negative electrode which does not 
contain that kind of Li, Li of trace (Vis-a-vis negative 
electrode material 100 parts by weight, 0.01-10 parts by 
weight extent ) is contained, Li of partreacting with 
electrolyte , etc becoming inactivity, because it can addwith 
Li which it contains in above-mentioned negative electrode 
material it isdesirable. 

As description above, Li is contained in negative electrode 
material, coating fabric doing lithium metal which it heats & 
melts on current collector which the for example negative 
electrode material pressure bonding is done, if it impregnates 
Li in negative electrode, orbeforehand it sticks lithium metal 
in electrode group with pressure bonding and etc in 
electrolyte solution doped should have done Li in 
electrochemically negative electrode material. 

If conductor in negative electrode compound in same way as 
conductor in positive electrode compound,is electronically 
conductive material which does not cause chemical 
conversion in battery which isformed, there is not especially 
restriction. 

In addition, when carbonaceous material is used for negative 
electrode material, because carbonaceous material itself has 
electronic conductivity, containing conductor, it is not 
necessary to do. 

[0042] 

As binder in negative electrode compound, it is good with 
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0Uf£* tK'Jx^:>* /K'J^Pbfb^* /K'Jxh 
77^7|-PX^b>(PTFE), 7KU^<be-Ux 
>(PVDF)* XfU>^^vl>J A, xh7^;U 

*px^u>-^*1t:7;u*p^pfcfb:/#a£ 

f*(FEP)* fh77J^aifl/>-/<-7^tP 

(*, >v^exijx>^nah'J^^nx^b> 
£&(etfe |IMB).#u$aaMJ7;u*Dx*b 

>(PCTFE)* »^bexiJx>-^>^^;U^-P^ 

ptfu>&a£i** ^Pt 0 u>-xh7^;u^px 

*U>*a£{*(ECTFE)* ^WbtfxUf^./s 

4-9-7;u^-p^peb>- J fH : 5^;i/^-px5 : b> 

^m^ftfecfc^^^bexux^-zN'-^^^-p 

^uex^x-x^-xhv^^^-PX^b^^ 
[0043] 

uxiH. x*v^;u, **>*j<*:tf«*ft£a> 
ffe* s^>x^u^Ma>affiiz*— 7f?> % x^>t- 
;Us^>*fc(t$g-cfli3iLf-ta).Ai.cd 

?#lc* fl*fcl4«£ftA<#*U*. 
CtL&OWSoaiiSiWbLTtcfcL^ 

aiBfflai=«feysi«(*aiiiciadb*ftit 

JS#l**ftlcR£**Lftl*#. 1-500 |i m <D* 



whichever of thermoplastic resin* thermosetting resin, butas 
for desirable binder, decomposition temperature is polymer of 
300 *or higher. 

for example polyethylene * polypropylene * 
polytetrafluoroethylene (PTFE ), polyvinylidene fluoride 
(PVDF ), styrene butadiene rubber, 

tetrafluoroethylene-hexafluoropropylene copolymer (FEP ), 
tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer 
(PFA ), vinylidene fluoride-hexafluoropropylene copolymer* 
vinylidene fluoride-chlorotrifluoroethylene copolymer* 
ethylene-tetrafluoroethylene copolymer (ETFEresin ),poly 
chlorotrifluoroethylene (PCTFE ), vinylidene 
fluoride-pentafluoropropylene copolymer* 
propylene-tetrafluoroethylene copolymer* 
ethylene-chlorotrifluoroethylene copolymer (ECTFE ), 
vinylidene fluoride-hexafluoropropylene-tetrafluoroethylene 
copolymer and vinylidene fluoride-perfluoro methyl vinyl 
ether— tetrafluoroethylene copolymer etc it lifts, it is 
possible densely. 



It is a more preferably* styrene butadiene rubber* 
polyvinylidene fluoride. 

Fact that it is most desirable even among them is styrene 
butadiene rubber. 

[0043] 

As current collector of negative electrode, if it is a electron 
conductor which does not cause the chemical conversion in 
battery which is formed; there is not especiallyrestriction. 

As material which forms current collector, for example 
stainless steel* nickel* copper* titanium and carbon or 
other other things,those which in surface of copper and 
stainless steel were treated with carbon* nickel* titanium or 
silver. It can use Al-Cd alloy etc. 

Especially, copper or copper alloy is desirable. 

oxidation it is possible to do surface of these material. 

In addition, it is possible to attach unevenness to current 
collector surface with surface treatment . 

As for shape, in same way as case of above-mentioned 
positive electrode, for example foil* film* sheet* net* 
punch those which are done. It can use lath* porous article* 
foam and molded article etc of fiber group. 

thickness is not limited especially. It can use those of 1 - 
500;mu m desirably. 

Other than conductor and binder, filler* dispersant* ion 
conductor* pressure promotor and other various additives 
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[0045] 
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canbe used to electrode compound . 

If filler is fiber material which does not cause chemical 
conversion in battery which is formed, you can use anything. 

Usually, it can use polypropylene* polyethylene or other 
olefin polymer* glass* carbon or other fiber. 

addition quantity of filler especially is not limited. 0-30 
weight% are desirable. 

[0044] 

positive electrode and negative electrode in this invention, to 
other than compound layer which includes the positive 
electrode active material or negative electrode material, may 
possess mechanical protection of adhesion* electrical 
conductivity* cycle property of current collector and 
compound layer and undercoating and compound layer which 
are introduced withre vised or other objective of 
charge-discharge efficiency and protective layer etc which is 
introducedwith objective of chemical protection. 

This undercoating and protective layer include binder and 
particle etc whichdoes not have conductor particle* electrical 
conductivity, it is possible densely. 

[0045] 
(3) 

separator 

As separator, it can use insulating microporous thin film with 
large ion permeability, with the predetermined mechanical 
strength. 

In addition, hole plugging is done with 80 *or higher, 
functionwhich increases resistance has, it is desirable densely. 

organic solvent resistance and polypropylene* polyethylene 
or other alone or it can use sheet and non-woven fabrics 
whichwere made from olefin polymer or glass fiber etc which 
is combined from the hydrophobicity. 

hole diameter of separator is range where active substance* 
binder or conductor etcwhich removal are done do not 
transmit from electrode sheet, it isdesirable densely, it is 
desirable to be a for example 0. 1-1 ;mu m. 

As for thickness of separator, generally, it can use 10 - 
300;mu m desirably. 

In addition, hole ratio is decided according to permeability 
and material and film pressure of electron and ion, but it is 30 
- 80%generally, it is desirable densely. 

In addition, if glass or metal oxide film or other fire 
retardant* incombustible material is used, from safety of 
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[0046] 
(4) 

l*'>&<tt-»Bl±©»»©JI<e4*aittx 

#*»«lcfflL*4x*x;w=l*, Willi, 

(PC). 7*u>*-7H*-h(BQfc«fctf tfxu:/ 
±-7|«*-KvQfc£a>att*-#*-k 

T;U*-7tf*-h(DMC). i/if^-zf^-h 
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v^pt°;u*-^*-h(DPC)^if(Di^tt*- 

#*-k *»**;U(MF). WB>*JKMA), 7 
Ptf*>»>^;U(MP)fiJ:i;^Ptf*>»x^ 

;u(MA)ft^©BK«i*;u7|?>KxxT-;u. r- 

^P7^h>(GBL)<E^O r-^K>fcif#fe 
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tf*L<. IWttxXTiUfcLT I* DMC, DEC. 

EMC Kt'OimftJl-'tfZ-bZttiZttW 

iBBSfli*;u^>»xxx;n**»aft±{*(D 

[0047] 

*«W©*#*©*«i*±Exx-f;u 

* 8<WteLt£t?J6l*Hc. l,2-v>h*vx£> 
(DME), l,2-$/Xh*S/X^>(DEE)fc<fcl/Xh* 
•»h**>x^>(EME)ftif©3^attx--r;U, 
xh5tKP^>33«ktf l-^^h^tKn^ 
^ftifoattx— r^U, 5?y*;u*JU**i/h\ 
U-v^+V^X *;UA7Sh\ 7*feh73h\ v 
^;U*;UA7SK, v^+V^, 7-thxhU 

;u. ?Pt? ;uxku;u, -bo**> % if^/ 



battery improves. 

[0046] 

(4) 

nonaqueous electrolyte 

nonaqueous electrolyte in this invention is formed from 
lithium salt which is melted in the solvent and solvent. 

solvent composition includes acyclic carbonate (for example 
ethyl methyl carbonate ) of asymmetric shape, or (for example 
dimethyl carbonate and diethyl carbonate are included, or 
dimethyl carbonate and ethyl propionate suchas are included) 
which includes acyclic ester where residue above at least two 
kinds differs as solvent, those embodiment and solvent which 
is used other than that illustrates below. 



for example ethylene carbonate (EC ), propylene carbonate 

(PC ), butylene carbonate (BC ) and vinylene carbonate (VC ) 

or other cyclic carbonate, dimethyl carbonate 

(DMC ),diethyl carbonate (DEC ), ethyl methyl carbonate 

(EMC ) and dipropyl carbonate (DPC ) or other acyclic 

carbonate, methyl formate (MF ), methyl acetate 

(MA ),methyl propionate (MPa ) and ethyl propionate (MA ) 

or other aliphatic carboxylic acid ester. ;ga -butyrolactone 

you can list to the ester which is used for nonaqueous solvent, 

(GBL ) or other;ga -lactone etc. 



EC. PC, GBL etc especially is desirable as cyclic ester, 
DMC. DEC, EMC or other acyclic carbonate isincluded as 
acyclic ester is desirable densely. 

In addition, also those which include according to need, 
aliphatic carboxylic acid ester are desirable. 

aliphatic carboxylic acid ester includes in range of 30% or 
less, more preferably 20 % or less of solvent weight entirety, 
it is desirabledensely. 

[0047] 

In addition, solvent of electrolyte solution of this invention 
80% or more other thanincluding above-mentioned ester, 1 
and 2 -dimethoxy ethane (DME ), I and 2 -diethoxyethane 
(DEE ) and ethoxy methoxy ethane (EME ) or other acyclic 
ether, may include tetrahydrofuran and 2 -methyl 
tetrahydrofuran or other cyclic ether, dimethyl sulfoxide. 1, 
3- dioxolane. formamide. acetamide, 
dimethylformamide. dioxolane. acetonitrile, propyl 
nitrile, nitromethane, ethyl monoglyme, phosphoric acid 
triester, trimethoxy methane, dioxolane derivative. 
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[0048] 

ffl K If LiC10 4 , LiBF 4 , LiPF 6 , LLiAICLj . 
LiSbF 6 , LiSCN, LiCK LiCF 3 S0 3 . LiCF 3 C0 2 * 
Li(CF 3 S0 2 ) 2 , LiAsF 6 . LiN(CF 3 S0 2 ) 2 , 
LiB I0 Cl 10 (4#gBBS 57-74974 ^4>$B), ffittlBflfi 
fcAiUtfl/KU^A^gHBB 60-41773 -^^ 
$R), LiCK LiBr. LiI(4#BBBB 60-247265 ^ / & 
«), ^PP^T^'J^^Ad^BBBB 61-165957 4f 
fill), H^i-;u*^»'J^^A(1#BBBB 
61-214376 ffiS), LiN(CF 3 S0 2 )(C 2 F 5 S0 2 ). 
LiN(CF 3 S0 2 ) 2 . LiN(C 2 F 5 S0 2 ) 2 
LiN(CF 3 S0 2 )(C 4 F 9 S0 2 )^<!:CD>rsKS^felf^C 



LiPF 6 *^*-&*Ci:A<J:y»* 

LI*. 
[0049] 

*fc,GBL £±*tt£LTm*S«£l=l*,VC 

LiPF 6 fil*KD LiBF 4 1 LiN(C 2 F 5 S0 2 ) 2 ©»^tt* 

satiate jEas*snf>fta«»fl!)ft^> 

1#lC,0.5-l.5mol/ l J^h;UTfc4©36<cfcy»*L 

I*. 



sulfolane* methyl sulfo lane * 1, 3- dimethyl -2- 
imidazolidinone* 3- methyl -2- oxazolidinone* propylene 
carbonate derivative* tetrahydroruran derivative* ethyl 
ether* 1, 3- propiosultone* anisoU dimethyl sulfoxide and 
N- methyl pyrrol idone or other aprotic solvent. 



[0048] 

for example LiCl 0 4 * Li BF 4 * Li PF 6 * LLi Al Cl 4 * Li Sb 
F 6 * LiSCN* LiCK Li CF 3 S0 3 * LiCF 3 C0 2 * Li 
(CF 3 S0 2 )<sub>2* LiAsF 6 , Li N (CF 3 S0 2 ) <sub>2* Li 
B 10 Clio (Japan Unexamined Patent Publication Showa 
57-74974 disclosure ), lower fatty carboxylic acid lithium 
(Japan Unexamined Patent Publication Showa 60-41773 
disclosure ), LiCL Li Br* Lil (Japan Unexamined Patent 
Publication Showa 60-247265 disclosure ), the lithium 
chloroborane (Japan Unexamined Patent Publication Showa 6 
1- 165957 disclosure ), tetraphenyl lithium borate (Japan 
Unexamined Patent Publication Showa 6 1- 214376 
disclosure ), Li N (CF 3 S0 2 ) (C 2 F 5 S0 2 ), Li N (CF 3 S0 2 ) 
<sub>2* LiN(C 2 F 5 S0 2 )<sub>2* LiN(CF 3 S0 2 ) 
(C 4 F 9 S0 2 ) or other imides is increased as lithium salt which 
is melted in these solvent, it is possible densely. 

With respective alone, or you can use these, for electrolyte 
solution etcwhich is used, in range which does not impair 
effect of the this invention combining with option. 

Especially Li PF 6 is made to include even among them, it is 
moredesirable densely. 

[0049] 

Regarding to this invention, especially desirable nonaqueous 
electrolyte, including the ethylene carbonate and ethyl methyl 
carbonate at least, is electrolyte solution which includes Li 
PF 6 as lithium salt. 

In addition, when GBL it uses, as main solvent VCor other 
additive number %is added, Li BF 4 and Li N other than Li PF 6 
(C 2 F 5 S0 2 ) <sub>2 the mixed salt is used as lithium salt it is 
desirable densely. 

Quantity which adds these electrolyte solution inside battery 
is not limitedespecially. necessary amount it should have used 
with quantity of positive electrode active material and the 
negative electrode material and size of battery. 

dissolved amount for nonaqueous solvent of lithium salt is not 
limitedespecially. 0.2 - 2 mol/liter are desirable. 

Especially, it is more desirable to be 0.5 - 1 .5 mol/liter. 

In addition, with objective which obtains satisfactory 
charge-discharge quality,2 -methyl furan* thiophene (Japan 
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[0050] 



ft A 1 * T? £ , U,Si04 » LUSiCVLil-LiOH . 
xLi 3 P04-(l-x)Li4Si0 4 . Li 2 SiS 3 

Li 3 P04-Li 2 s-sis 2 .«5^g>^^ft<t*/)<w^r* 

fe&o 



Unexamined Patent Publication Showa 6 1- 161673 
disclosure ), pyrrole (Japan Unexamined Patent Publication 
Hei 3- 59963 disclosure ), aniline (Japan Unexamined Patent 
Publication Showa 60-79677 disclosure ), it is possible to 
melt the crown ether, pyridine, triethy I phosphite, 
triethanolamine, cyclic ether, ethylenediamine, n- 
glyme, hexaphosphoric acid triamide, nitrobenzene 
derivative and nitrogen-containing aromatic heterocyclic 
compound (Japan Unexamined Patent Publication Hei 
9-204932 disclosure ) or other organic additive to 
above-mentioned electrolyte solution . 

This electrolyte solution is used, usually, in porous polymer, 
glass filter, non-woven fabrics or other separator 
impregnating or beingfilled, or. 

[0050] 

In addition, in order to designate electrolyte solution as 
incombustibility, halogen containing solvent, for example 
carbon tetrachloride, trifluorochloroethylene is made to 
include in electrolyte solution, it is possible densely. 

In addition, carbon dioxide gas is made to include in 
electrolyte solution because the suitability can be given in 
high temperature storage it is possible densely. 

In addition, you can use also next kind of solid electrolyte for 
other than liquid. 

As solid electrolyte, it is divided into inorganic solid 
electrolyte and organic solid electrolyte. 

nitride, halide, oxyacid salt etc of Li is known well in 
inorganic solid electrolyte . 

mSi0 4 , LUSi0 4 -LiI-LiOH, xLi 3 P0 4 - (1 -x ) Li 4 Si0 4 , 
Li 2 SiS 3 , Li 3 P0 4 -Li 2 S-SiS 2 , phosphorus sulfide chemical 
compound etc is effective even among them. 

With organic solid electrolyte, for example polyethylene 
oxide, polypropylene oxide, poly phosphazene, poly 
aziridine, polyethylene sulfides, polyvinyl alcohol, 
polyvinylidene fluoride, poly hexafluoropropylene etc and 
these derivative, mixture, composite or other polymer 
material are effective. 



In addition, it is possible also to use gel electrolyte which 
contains theabove-mentioned nonaqueous electrolyte in 
organic solid electrolyte. 

As above-mentioned organic solid electrolyte, for example 
polyethylene oxide, polypropylene oxide, poly 
phosphazene, poly aziridine, polyethylene sulfides, 
polyvinyl alcohol, polyvinylidene fluoride, poly 
hexafluoropropylene etc and these derivative, mixture. 
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composite or other polymer matrix material areeffective. 

Especially, mixture of copolymer and polyvinylidene fluoride 
and polyethylene oxide of the vinylidene fluoride and 
hexafluoropropylene is desirable. 

[005 1] 

As shape of battery, it can apply to in each case such as coin 
type, button type, sheet form, cylinder, flat type, 
angular type . 

When shape of battery is coin type and button type, 
compound of positive electrode active material and negative 
electrode material is used being compressed by shape of the 
pellet, mainly. 

If it should have decided thickness and diameter of pellet with 
size of battery. 

In addition, when shape of battery is sheet form, cylinder, 
angular type, compound of positive electrode active material 
and negative electrode material is used, on current collector 
coating fabric (coating ),being dried and being compressed, 
mainly. 

application method can use general method. 

for example reverse roll method, direct roll method, blade 
method, knife method, extrusion method, curtain 
method, gravure method, bar method, casting method, 
dip method and squeeze method etc it lifts, it is possible 
densely. 

Even among those blade method, knife method and 
extrusion method are desirable. 

As for coating fabric, is executed with velocity of 0. 1 - 1 00 
m/min densely is desirable. 

In this case, solution physical properties of compound, 
adjusting to the drying, surface state of satisfactory paint layer 
can be acquired byselecting above-mentioned application 
method. 

Coating fabric at a time one surface also may be both surfaces 
simultaneous in at of 5S. 

In addition, it is desirable, to provide paint layer in both sides 
of the current collector, is possible to be constituted from 
multiple layers to which paint layer of one surface includes 
compound layer. 

compound layer, like positive electrode active material and 
negative electrode material includes binder and the 
electrically conductive material etc in other than substance 
which relates to insertion anddischarge of lithium ion. 
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WZ, 0.95-1.0 tftsm. 



It is possible to have possessed intermediate layer etc which is 
providedberween undercoating. compound layer which is 
provided on protective layer, current collector which does 
notinclude active substance in other than compound layer. 

As for layer which does not possess these active substance, it 
is desirableto include electrically conductive particle and 
insulating property particle, binder. 

In addition, application method with continuation and with 
intermittent and isgood with stripe. 

thickness, length and width of paint layer are decided by 
size of the battery, but as for thickness of paint layer of one 
surface, with state where rear of dry was compressed, 1 - 
2000;mu m especially are desirable. 

[0052] 

As drying or dehydration method of pellet and sheet, method 
which isadopted generally can be utilized. 

Especially, alone or combining hot air. vacuum, infrared 
light, far infrared irradiation, electron beam and dry air, it 
uses.it is desirable densely. 



100-250 



temperature 80 - 350 * range is desirable, especially 
* rangeis desirable. 

water content, 2000 ppm or less are desirable with battery 
entirety, with positive electrode compound* negative 
electrode compound and electrolyte it designates respectively 
as 500 ppm or less, are desirabledensely in point of cycle 
property. 

press method of sheet can use method which is adopted 
generally,but especially metal mold pressing method and 
calendering press method are desirable. 

pressing speed is not limited especially. 0.2 - 3 t/cm 2 are 
desirable. 

As for press speed of calendering press method, 0.1-50 
m/min are desirable. 

As for press temperature, room temperature-200 D is 
desirable. 

As for ratio of width of positive electrode sheet for negative 
electrode, 0.9-1.1 isdesirable. 

Especially, 0.95 - 1 .0 is desirable. 

Because it differs depending upon compound kind and 
compound formulation , it cannotlimit content ratio of 
positive electrode active material and negative electrode 
material. It can set to optimum value with viewpoint of 
capacity* cycle property* safety. 
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Furthermore, coil of electrode in this invention always does 
not havenecessity to be a true circle cartridge, it does not care 
even with oval cartridge and shape of rectangle or other prism 
where cross section is the ellipse. 

[0053] 

[Working Example(s)] 

Below, representing in Working Example, you explain this 
invention, but this invention is not something which is limited 
in only these. 

In [Working Example 1 and Comparative Example 1 ] Figure 
18, outline longitudinal cross-sectional view of cylindrical 
battery which is produced in this working example is shown. 

positive electrode plate and negative electrode through 
separator, in multiple times spiral electrode set 14 which 
winding isdone is stored up inside battery case 1 1 . 

And, positive electrode lead 1 5 being pulled out from positive 
electrode plate, it is connected by the sealing plate 12, 
negative electrode lead 16 is pulled out from negative 
electrode plate and is connected to the bottom part of battery 
case 1 1 . 

battery case and lead plate can use metal or alloy which has 
electronic conductivity of the resistance to organic electrolyte 
solution. 

for example iron* nickeL titanium* chromium* 
molybdenum* copper* aluminum or other metal or it can 
use those alloy. 

Especially, battery case those which process stainless steel 
sheet* Al-Mn alloy sheet. As for positive electrode lead as 
for aluminum* negative electrode lead nickel is most 
desirable. 

In addition, in order to assure weight reduction, various 
engineering plastics and this andalso it is possible in battery 
case to use those which metal jointlyuses. 

[0054] 

insulating ring 1 7 is provided respectively in top and bottom 
parts of electrode set 14. 

And, electrolyte solution is filled, battery case is sealed up 
making use of the sealing plate. 

This time, safety valve is provided in sealing plate, it is 
possible densely. 

Other than safety valve, it is possible to provide various safety 
element which isknown from until recently. 

As for example overcurrent prevention element, it can use 
fuse* bimetal* PTC element etc. 
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In addition, to other than safety valve method of inserting cut 
in battery case as countermeasure of internal pressure rise of 
battery case, cutting method of gasket crack method, sealing 
plate crack method or lead plate can be utilized. 



[0055] 

ftE£±lf Sft^tttLTI* Li 2 C0 3 . LiHC0 3 . 
Na 2 C0 3 . NaHC0 3 . CaC0 3 *S<fctf MgC0 3 &£© 

*&9)©jE&Sfeiro£ 85 SMHz*JU » 



[0056] 

ftttKli. ft*Jt*t»S±tt»fcL, ztitx 

100:5 ©ffl£T££Lfc*©£M»©MBilza 
ftflL EELfc»»fS©*$a?lc«IBrLfc 

*/<u-*i*#yx*u>s©tt£ft7^uA 

x^;u^^;u*-7K*-h©*8tik 1:1 OSS 
::.LiPF 6 £ 1.5 *;u/'j?h;u»j|?Lfc*© 



In addition, it possesses protective circuit which installs 
overcharging and the overdischarge countermeasure in 
charger, or, is possible to connect to independence. 

[0055] 

In addition, system which blocks current as overcharging 
countermeasure, with therise of battery internal voltage can be 
possessed. 

This time, compound which increases internal pressure is 
made to include in compound or in electrolyte, it is possible 
densely. 

You can list Li 2 C0 3 . Li HC 0 3 . Na 2 C0 3 . NaHC 0 3 . Ca 
C0 3 and Mg C0 3 or other carbonate etc as compound which 
increases internal pressure. 

welding method of cap. battery case, sheet. lead plate can 
use known method (Example, direct current or electric 
welding, laser welding or ultrasonic welding etc of 
alternating current ). 

In addition, sealer for sealing the mouth can use compound 
and mixture which from the asphalt or other until recently are 
known. 

Like below it produced positive electrode plate. 

Vis-a-vis positive electrode active material powder 85 parts 
by weight of this invention, carbon powder 10 parts by weight 
of the conductor and polyvinylidene fluoride resin 5 parts by 
weight of binder are mixed. 

Dispersing these to dehydration N- methyl pyrrolidinon, you 
obtain slurry, coating fabric you do on positive electrode 
collector which consists of aluminum foil drying *rolling after 
doing, you cut off in predetermined size. 

[0056] 

negative electrode plate designates carbonaceous material as 
primary material, this and styrene butadiene rubber binder 
with weight ratio 100: those which are mixed at ratio of 5 
coating, dryingand rolling after doing, it is something which 
is cut off in the predetermined size in both surfaces of copper 
foil. 

separator is microporous film of polyethylene. 



In addition, those which Li PF 6 1 .5 mole/liter are melted were 
used for mixed solvent of volume ratio 1 : 1 of ethylene 
carbonate and ethyl methyl carbonate, in organic electrolyte 
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ftSLfcR1SSmjtel*IIS 18mm. E£ 650mm 
itSi<DfctolciE^S!B!i««!:Lr LiCO z £ 



a 2 iz^tib0)mji!!a)mfi^tt^tt^Ly--5!gs 

[0057] 

Cttb©^^ 100mA CD^ 4.2V 
lC?ii)*-C3tttLfc^, 100mA (7) £«3ltT? 2.0V 



M©«B0)ftfrttJaTfl!>tj3U-C**. 

4.2V fl>S*E*«T?«*«SH* 

lAtLfco 

A«©»TI*«a«A< 50mA l=»Lfci:*£L 
fc. 

ttft I* 300mA © JE«9t*«T? 2.5V *T*«rttL 
fc. 

*fc, /WU-Hfc*tt*tt*»««* lC tL 
tztZlZ 5 BtM¥ttVG>V3MII(0.2C)£: 0.5 ^ 

iw**«fl!>«aj*(2C)-c**i*ift©ttmM 

*»J6U 0. 2C/2C <7)§MJt^aLfct(DT' 

ic i»-e 20°cr-SclLfcii 

£ <k - 1 0 °C T- tt m L 1# £ 0) Jfc © g M it $ 
(-10 o C/20 o C)T-^Lf-o 

*fc» iM$;u»tfi* ioo v-JtHsfttix-oyti) 

[0058] 
«2] 



solution . 

cylindrical battery which it produces is diameter 18 mm* 
height 650 mm. 

Furthermore, for comparing cylindrical pipe battery was 
produced with similar method making use of Li CO2 as 
positive electrode active material. 

Result of comparing electrical property of these battery to 
Table 2 wasshown. 

[0057] 

Until these battery with constant current of 100 mA, first it 
becomes 4.2 V, after charging, until with constant current of 
100 mA it becomes2.0 V, charge-discharge which discharges 
was done. 

several cycles it repeated this charge-discharge, being at point 
where almost the battery capacity becomes fixed, it verified 
capacity. 

condition of verification of capacity is as follows. 

First as for charge, as for maximum electric current it made 1 
A with constant voltage charging of 4.2 V. 

End of charge did when current reaches to 50 mA. 



Discharge with constant current discharge of 300 mA 
discharged to 2.5 V. 

discharge capacity which this time is acquired, was 
designated as discharge capacity of battery. 

25 * with it did atmosphere of charge-discharge. 

In addition, it is something where rapid discharge ratio when 
designating the battery capacity as 1 C, current of 5 hours 
ratio discharge (0.2 C ) withmeasures respective discharge 
capacity with current (2 C ) of 0.5 hours ratiodischarge, 
displays with volume ratio of 0 and 2 C/2C. 

With 1 Ccurrent 20 * with when it discharges - 10 * with it 
showed the low temperature discharge ratio with discharge 
capacity ratio (- 10 & 20 *) when it discharges. 

In addition, cycle lifetime showed volume ratio for initial 
capacity with 100 cycle time point. 

[0058] 

[Table 2] 
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tl 

(mAh) 




Mil 


WW 


mm 


LiNi.-.MiwO, 


1580 


95 


70 


90 


mm 


LiCoOj 


1500 


92 


50 


85 



[0059] 

&a ycoo 2 *yt«*ifcs»satt-*-*^t*< 

[0060] 

B©jE&tmiittft©ft;i&*P;i.«*bii$it 

COCi:*ilB-*-*fcol=fll2!©«a*^tl 



■b/<u-*i=t,c©«»a!*y;nt?rttJEt 

PVDF-HFP *7K'JX*b>©H#?lMcfc:fil, 
fc*©tJBl*fc. 

c©*3l=L-C^«LfcjElia«*-b/<b-** 
SSirLfc. 

■C««Wfrfe/<b— ' Ztfi PVDF-HFP tK'J V— £ 
tf-LT&^-f <5>©T\ Z© *5^XS£*PK.rt, 

^©attJteTJUS©^*-^ I=if A* 

[0061] 



[0059] 

From result of Table 2, in all item which are tested, battery of 
this invention is superior. 

Therefore, with material of this invention as positive electrode 
active material, in comparisonwith Li Co0 2 which is a 
mainstream until recently by fact that itapplies to lithium 
secondary battery battery which is superior can be offered. 

[0060] 

[Working Example 2 and Comparative Example 2 ) 
above-mentioned way, anode material of this invention has 
effectwhich holds down blistering of battery. 

battery of thin form was produced in order to verify this, 
thickness variation of battery which accompanies 
charge-discharge and thickness rate of increase etc of the 
battery which accompanies cycle were measured. 

It produced positive electrode plate and negative electrode 
with method and same method which are shown in Working 
Example 1. 

However, electrolyte solution gelation is done in binder which 
is useddensely you used possible vinylidene fluoride (PVDF ) 
with copolymer of hexafluoropropylene (HFP )in addition to 
conventional binder. 

This electrolyte solution gelation possible PVDF * HFP those 
which coating fabric aredone were used for microporous 
membrane of polyethylene even in separator. 

positive/negative electrode board which it produces in this 
way through separator,winding, in one for square battery it 
formed in flat and made the electrode set. 

After this time heating, electrode set and separator through 
PVDF * HFP polymer byfact that pressure is added to 
electrode set because it connects,including this kind of step it 
is good. 

This electrode set is inserted in laminating bag of aluminum. 



Being something where film of resin is pasted together in the 
aluminum foil, resin melts this bag by fact that you apply heat 
and pressure and melt adhesion it is possible to do. 

[0061] 
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co«k3i=Lrff«Lfc««fl!>««fl:*»ttit 



Ctl&O) 50mA (D££3K-e. * 

■f 4.2V l=46*1?3tmLfc*. 50mA (D^SjJiE 
■C 2.0V l=ft**-C»*-r4****ftofc. 



[0062] 

*-f**(4.4.2V a>j£«E**-c«**asi* 

500mA <tLfc. 

7 20mA IzMLtztZtL 

It, 

tttl* 100mA <7>£ffi3&8t®-e 2.5V *T?]ftSL 
fc. 

tut, 

%&V® 8H*lli 25'CT'fTofc, 

ttz. -lM*;u=#3J!#*fc*H*i= ioo +)■ 



2002-2-8 

After this, electrolyte solution pouring liquid was done, with 
vacuum liquid after impregnating while it was a vacuum 
battery was sealed by thefact that thermal weld it does 
laminating bag. 

Those which are similar to Working Example 1 in regard to 
electrolyte solution were used. 

After sealing, by fact that it heats electrolyte solution swelling 
is donein polymer and gelation does. 



In addition, when gas generation is many with initial 
charging, step whichremoves this gas to outside the system is 
inserted. 

Enlarging laminating bag of aluminum some, unsealing itdoes 
bottom and after pulling out gas which occurs with the initial 
charging it re-seals. 

You appraised electrochemistry quality of battery which it 
produces in thisway with method which is similar to Working 
Example. 

capacity, until these battery with constant current of 50 mA, 
first itbecomes 4.2 V, after charging, until with constant 
current of 50 mA itbecomes 2.0 V, did charge-discharge 
which discharges. 

several cycles it repeated this charge-discharge and being at 
point where almost battery capacity becomes fixed, it verified 
capacity. 



First as for charge, as for maximum electric current it made 
500 mA with constant voltage charging of 4.2 V. 



In addition, thickness variation which accompanies cycle 
difference of the thickness of charged state of 100 cycle later 
and thickness of initial charging state wasshown in same way. 



condition of gelation 80 * - 90 * with, is 1 - 3 hours. 



End of charge did when current reaches to 20 mA. 

Discharge with constant current discharge of 100 mA 
discharged to 2.5 V. 

discharge capacity which this time is acquired, was 
designated as discharge capacity of battery. 

25 * with it did atmosphere of charge-discharge. 

battery thickness measured center of battery with calipers, 
showed the thickness with charged state and difference of 
thickness with discharged state. 



condition of verification of capacity is as follows. 
[0062] 
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it%t<Dtztblz LiCo0 2 ZjE®7£WlMtLTGim 

[0063] 
[ft 3] 



In case of thin form battery which uses Li C0O2 for 
comparing as positive electrode active material it showed. 

Result of experiment is shown in Table 3. 

[0063] 

[Table 3] 





*1 

(mAh) 






mm 


LlNh-.Mn.Oi 


850 


0. 04 


0. 08 


vm2 


LiCoO. 


820 


0. 15 


0. 4 



[0064] 



[0065] 

«HS£0»J 3:#®<Dlg^LiNi0 2 *> LiMn0 2 l*B 



-v^^mt^yii^mitKi^zmuotz 
<DmMLtfmwm*imii£fo±£i£z>& : 5iz 

Zh\t s DV-xa)£tei:<DtimtmzJ:^TiW 
Z>frizx£&t%\Z>tiZ> 0 

ZOZtfrhtfrfr&kolz^ MWjiO)lt1% I F-l' 

&i% i t-tfmmm=f-xfo&ztx&z>o 

&mtzt 1:1 oitmxmmzH&zttmm 
t&7tmtfmm7tmvfo&mmtfWLt&^zt 

\zte& 0 

Z(DZttf. l:l ViRSt 

&Z£<r>WvhX&Z>o 

HJS<5y<tLT,x=0.3~0.7 ^XOWiXZO^^m. 

&£mmt%tztoz s m4iz7FLtz/U[s-m 



[0064] 

Table 3 compared to change of battery thickness can be 
controled by factthat positive electrode of this working 
example is used clearly. 

[0065] 

[Decrease of Working Example 3: polarization ] Li Ni0 2 and 
Li Mn 0 2 satisfactory are with cannot call electronic 
conductivity that much. 

Because of this, polarization which is large to discharge end 
stage happens, at thetime etc of rapid discharge means that 
especially capacity decreases. 

nickel element and manganese element have electron 
structure which differs mutually. 

However, when solid solution it does these with atomic level, 
electron structure and interaction of different type element 
which proximity is done are caused. 

With combination of nickel and manganese, in order 
especial lythis phenomena electronic conductivity of material 
to improve, it can operate, it cangrant electrical conductivity 
which is similar to metal. 

This, is thought that even with DV-x;al method or other 
calculation chemistry it can make clear. 

As understood even from now on, being important forms solid 
solution with atomic level, at same time, it means that atom 
which is adjacentis different atom. 

When you rephrase, probability where element which l : solid 
solution isdone with ratio of I and is adjacent densely is 
different type element means highest especially. 

This, is merit of thing which l : mixes nickel and manganese 
at l. 

As Working Example, in order to verify this polarization 
phenomena between to x=0.3~0.7, itmeasured with battery 
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SLfc. 
[0066] 
[* 4] 



X 


(2 C/0. 2C, 2 CC) 


0. 3 


7 1 


0. 4 


9 2 


0. 5 


9 S 


0. 6 


9 1 


0. 7 


6 5 



which shows test which is similar to the rapid discharge ratio 
measurement which is shown in Table 4 in Figure 18. 

[0066] 

[Table 4] 



[0067] 

m 4 *y,x ©flltf 0.5 

-So 

TttlSfit 100mV ?IJf ±^-f 

LiNi0 2 (7>li^l* 4V TJ LiMn0 2 <D*MSlt 3V TJ 

Hit 1:1 T*;g££*lTl^0)-C 3.5V T?feoTi 
LfrU 1:1 -ClSfcaFtffcJi^r* LiNi0 2 <D8tm 

COmet x=0.5 (DB#A<gtiS<. dtl^bl* *l 
[0068] 



4:#¥4<D££ 1»LiNi0 2 l*3tmLT Li 
K^^SILT NiO iciiTu^ti^o 

zoztit. m»a>jEas*HtLr«ffll- * 



[0067] 

When Table 4 compared to, value of x slips from 0.5, rapid 
discharge ratio it decreases you understand densely. 

In addition, ratio decreases when with limit where can 
allowdecrease to 1 0% extent, it exceeds this suddenly. 



Furthermore, also discharge voltage 100 mV extent rises by 
fact that nickel and manganese are mixed. 

In case of Li Ni0 2 with 4 V in case of Li Mn 0 2 they are 3 V. 



Usually when it estimates from now on, in case of nickel 
manganese because l :it is mixed at l , it is thought that it is 
good with as much as 3.5 V. 

But, when l : solid solution it does at l , electric potential 
whichfurthermore about 100 mV is higher than discharge 
voltage of Li Ni0 2 isshown. 

This, it is thought evidence where atom of nickel and the 
manganese has done interaction densely. 

Decreases understood densely by fact that this electric 
potentialat time of x=0.5 it is highest, slips from now on. 

[0068] 

[stability of Working Example 4: material ] Li Ni0 2 charging, 
when Li comes out, becomes very the unstable, separates 
oxygen with relatively low temperature and is reduced to 
NiO. 

This is plugged, when you use, as positive electrode active 
material of battery with the fatal, oxygen which occurs being 
factor, thermal runaway * of battery is led to ignition and 
rupture it is expected densely. 

This, manganese l : with ratio of l can be improved by 
factthat solid solution it does. 
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[0069] 
[«5] 



X 


DS CHItCDl s t 






0. 3 


1 8 0 


0. 4 


2 2 0 


0. 5 


2 2 8 


0. 6 


2 2 2 


0. 7 


1 9 0 



battery which is used with Working Example 3 was charged. 

After that, disassembling battery, it removed positive 
electrode compound. 

This material was bet on DSC (differential scanning 
calorimeter ) measurement that way. 

This time is acquired exothermic peak which is observed with 
lowest temperature is shown in Table 5. 

[0069] 

[Table 5] 



[0070] 

msfrhs x-0.5 tffttfflS #El*;:£A<:b 
£fc,x=0.5 frh<bt tilt, 10%#IW©fBS 

ftfc\ SMtfli-eiiiEarottttSffflii'rsfctoiz 



1:1 ©E£5tttl3 % LiPF 6 * 1.5 ^l//'JyM,» 
#Lfc*©SttfflLfc*«, c*ilzHS**i*t© 
■ei*tt<, »«*4lM***©H{*««Hftif 

[0071] 

Mft**jEas*»fcLr^»!il=fiJffl-e*, ft 

wejE»m»*©fiffft**«»R*a* 



[0070] 

From Table 5, at time of x=0.5 temperature it is 
highest,understands densely. 

This at time of x=0.5 most is stability in thermal as the 
material, it has shown densely. 

In addition, gap from x=0.5, when 10% with limit 
ofallowance, exceeds this, in thermal becomes suddenly 
unstable,understands densely. 

Furthermore, with Working Example carbonaceous was used 
in order to appraise performance of positive electrode as 
active substance of negative electrode, but it is notsomething 
which is limited in this, you can adopt also alloy and lithium 
metak in addition oxide* nitride etc whose electric 
potential is lowrelatively. 

In addition, with Working Example, those which Li PF 6 1 .5 
mole/liter aremelted were used for mixed solvent of volume 
ratio 1 : 1 of ethylene carbonate and the ethyl methyl 
carbonate, in regard to electrolyte solution, but it is not 
something which islimited in this, you can adopt also solid 
electrolyte etc of organic or the inorganic. 

[0071] 

[Effects of the Invention] 

Be able to utilize effectively according to this invention, with 
inexpensive nickel manganese composite oxide as positive 
electrode active material, satisfactory nonaqueous electrolyte 
battery of charge-discharge efficiency can be offered with 
high capacity. 
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ft?«fcX>i;mt«HMRff0!KISIB|-e6«. 

[02] 
[03] 

®(D SEM ¥ST?fc.5o 
[04] 

[05] 

SEM 
[06] 

[07] 

7>*>iMbfta)tt?-»tt**-r sem ¥Kr- 

[08] 

■7:/#:/iMbfta>tt*»tt£*f sem ¥Kt- 

[09] 

[010] 

[011] 



[Brief Explanation of the Drawing(s)] 
[Figure 1] 

Regarding to this invention, it is a conceptual diagram of 
experimental facility whichit uses in order to produce positive 
electrode active material with coprecipitation method . 

[Figure 2] 

Regarding to this invention, it is a SEM (scan type electron 
microscope ) photograph of surface of the positive electrode 
active material particle which it produces. 

[Figure 3] 

Regarding to this invention, it is a SEM photograph of cross 
section of positive electrode active material particle whichit 
produces. 

[Figure 4] 

Regarding to this invention, it is a conceptual diagram of 
another experimental facility which it uses in order to produce 
positive electrode active material with coprecipitation 
method . 

[Figure 5] 

Regarding to this invention, it is a SEM photograph of 
positive electrode active material particle which it produces. 

[Figure 6] 

When calcining with each temperature, it is a x-ray diffraction 
image of lithium containing nickel manganese oxide which 
isacquired. 

[Figure 7] 

Regarding to this invention, it is a SEM photograph which 
shows particle form of the lithium containing nickel 
manganese oxide which it produces. 

[Figure 8] 

Regarding to this invention, it is a SEM photograph which 
shows particle form of the lithium containing nickel 
manganese oxide which it produces. 

[Figure 9] 

It is a figure which shows X-ray diffraction peak of material 
which is producedwith dry mixing sintering method or 
coprecipitation method. 

[Figure 10] 

It is a figure which shows X-ray diffraction peak of material 
which is producedwith dry mixing sintering method or 
coprecipitation method. 

[Figure 1 1 ] 
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[013] 

ie m a % s <d & ^ s a <r> m it £ * -f m 7? fe 

-So 

[014] 

Ms**© a h ftfe^tf c m&frhtmzti 

[015] 

LiCo0 2 (a)fccfct; LiNi02(b)<D*S*-^**-r 
[016] 

LiNi ,/2Mn 1/2 0 2 (c) *J cfc If LiMn0 2 (d) <D ft M * — 
[017] 

[018] 



1 

11 

12 

»□« 

13 
14 
15 

IE«'J-K 

16 



It is a figure which shows charge-discharge curve of coin type 
battery which changeswith sintering temperature of positive 
electrode active material. 

[Figure 12] 

It is a figure which shows result of X-ray diffraction of 
positive electrode active material. 

[Figure 13] 

It is a figure which shows change of lattice constant of 
positive electrode active material. 

[Figure 14] 

It is a figure which shows volume change of unit cell which is 
calculatedfrom a axis length and c axis length of positive 
electrode active material. 

[Figure 15] 

Li Co0 2 (a ) and it is a figure which shows discharge curve of 
LiNi0 2 (b ). 

[Figure 16] 

Li Ni 1/2 Mn 1/2 0 2 (c ) and it is a figure which shows discharge 
curve of Li Mn 0 2 (d ). 

[Figure 17] 

It is a figure which shows discharge curve of Li Ni 1/2 Mn I/2 0 2 . 
[Figure 18] 

It is a outline longitudinal cross-sectional view of cylindrical 
battery which is produced in this working example. 

[Explanation of Symbols in Drawings] 

1 

reactor 
11 

battery case 
12 

sealing plate 
13 

insulating packing 
14 

electrode set 
15 

positive electrode lead 
16 
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negative electrode lead 
17 

insulating ring 
2 

tube 
3 

stirring rod 
4 

pump 
5 

supply port 
6 

reaction layer 
7 

collecting part 
[Figure 1] 
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[Figure 4] 
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[Figure 2] 
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[Figure 3] 
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[09] 



[Figure 9] 
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[Figure 7] 




X6K 
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[Figure 8] 
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[Figure 11] 
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[Figure 13] 
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[Figure 14] 
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[015] [Figure 15] 
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[Figure 18] 
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